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3.1 Laboratory tests on samples 
7HVWVRQVPDOOVDPSOHVZHUHSHUIRUPHGLQWZRVWHSV
x 6WHSFKDUDFWHUL]DWLRQRIQDWXUDOVRLOZLWKGLIIHUHQWSHUFHQWDJHVRIFDUERQDWHVFRQWHQW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7KHVH HOHPHQWV DOORZ WKH K\GUDXOLF FRQQHFWLRQ RI DOO WKH V\VWHPV LQSXWZDWHU FRPLQJ IURP WKH DQRGH FDQ SDVV
WKURXJK DOO RI WKH V\VWHP DQG SRXU RXW WRZDUGV WKH FDWKRGH WDQN 6WHS ZDV DLPHG DW WKH SUHSDUDWLRQ RI WKUHH
VDPSOHVRI³QDWXUDO´QRWWUHDWHGVRLOHDFKFRQWDLQLQJDGLIIHUHQWFDUERQDWHVFRQWHQWLQRUGHUWRPDNHFRPSDULVRQ
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ZHUHPHDVXUHGLQWKHWKUHHVDPSOHVREWDLQHGLQ6WHSDQGLQDOOWKHVDPSOHVREWDLQHGLQ6WHSFDUERQDWHVFRQWHQW
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WHVWV
 
3.2 Tests on slope physical models 
1LQHSK\VLFDOPRGHOVUHSURGXFLQJVLPSOLILHGVORSHVZHUHEXLOWE\FUHDWLQJDQGFRPSDFWLQJPDQ\OD\HUVRI9LDGDQD
VLOWDWDQDYHUDJHGHQVLW\RINJP)LJ(DFKPRGHOSUHVHQWHGDSODQHLQFOLQHGDERXWDQGKXPLGLW\RI
WKHVRLODWWKHWLPHRIFRPSDFWLRQZDVDERXW
7HVWVRQVORSHSK\VLFDOPRGHOVZHUHSHUIRUPHGLQWZRVWHSV6WHS$FRQVLVWHGRIFKHFNLQJWKHEHKDYLRURIPRGHOV
FRPSRVHGE\KRPRJHQHRXVXQVDWXUDWHGVRLOZLWKRXWWUHDWPHQWV6WHS%FRQVLVWHGRIFKHFNLQJRIWKHEHKDYLRURI
PRGHOV FRPSRVHGE\KRPRJHQHRXV XQVDWXUDWHG VRLO WUHDWHGZLWKD ORZSRWHQWLDO GLUHFW FXUUHQW 9P IRU 
GD\V


)LJXUH6FKHPHRIWKHSK\VLFDOPRGHOV

5HVXOWVDQGGLVFXVVLRQV

4.1. Results of Step 1 and Step 2 
 
,Q6WHS LWZDVREVHUYHGWKDW LQFUHDVLQJFDUERQDWHVFRQWHQWIURPWRFDXVHG3ODVWLF,QGH[3,DQG9%
YDOXHVWRGHFUHDVHIULFWLRQDQJOHWRLQFUHDVHDQGSHDNVKHDUVWUHQJWKWRLQFUHDVH
,Q6WHSLWZDVREVHUYHGWKDWZDWHUFRQWHQWRIWKHGLIIHUHQWWUHDWHGVDPSOHVWHQGVWRVWDELOL]HLQGHSHQGHQWO\IURP
WUHDWPHQWGXUDWLRQDQGHOHFWULFILHOGLQWHQVLW\DURXQGDYDOXHVPDOOHUWKDQWKDWVXUYH\HGGXULQJVDPSOHSUHSDUDWLRQ

&DUERQDWHVFRQWHQWLQFUHDVHVZLWKWUHDWPHQWGXUDWLRQ)LJDEHFRPLQJVLJQLILFDQWDIWHUGD\V&RQVLGHULQJWKH
IRXUVHFWRUVDQDO\]HGIRUHDFKVDPSOH LWFDQEHREVHUYHGWKDWVZHOOLQJSRWHQWLDOGHFUHDVHVIURPDQRGHWRFDWKRGH
DQGIULFWLRQDQJOHLQFUHDVHVE\DERXW)LJE%\DQDO\]LQJDOOWKHUHVXOWVWKUHHFRUUHODWLRQVZHUHLGHQWLILHG
LQJHQHUDOS+DQG9%DUHLQYHUVHO\SURSRUWLRQDO)LJZDWHUDQGFDUERQDWHVFRQWHQWDUHLQYHUVHO\SURSRUWLRQDO
)LJE\LQFUHDVLQJWUHDWPHQWGXUDWLRQFDUERQDWHVFRQWHQWDQGIULFWLRQDQJOHLQFUHDVHZKLOH9%GHFUHDVHV7DEOH



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)LJXUHD&DUERQDWHFRQWHQWGHSHQGLQJRQSURFHVVGXUDWLRQEFRPSDULVRQEHWZHHQ0HWK\OHQHEOXHYDOXHDQGIULFWLRQ
DQJOH
4.3. Results of Step A and Step B 
$IWHU WKH WUHDWPHQW ZDV DSSOLHG WR SK\VLFDO PRGHOV WHVWV RQ VDPSOHV REWDLQHG IURP PRGHOV VKRZHG WKDW 9%
GHFUHDVHV FDUERQDWHV FRQWHQW LQFUHDVHV ZKLOH S+ DQG ZDWHU FRQWHQW DUH DOPRVW FRQVWDQW ZLWK UHVSHFW WR YDOXHV
REWDLQHG IURP XQWUHDWHG VDPSOHV 7DEOH  'U\ VRLO¶V VSHFLILF ZHLJKW FRQVLVWHQWO\ ZLWK LQFUHDVHG FDUERQDWHV
FRQWHQWVXUYH\HGLQWUHDWHGVRLOGHFUHDVHVDIWHUWKHWUHDWPHQW,QWHUPVRIIDLOXUHSUHVVXUHREWDLQHGE\DSSO\LQJDQ
LQFUHDVLQJORDGWRWKHPRGHOVDQLQFUHDVHRIDERXWRIWKHPHDQIDLOXUHSUHVVXUHLQWUHDWHGPRGHOVZLWKUHVSHFW
WRYDOXHVREWDLQHGIRUXQWUHDWHGPRGHOVZDVREVHUYHG7DEOH
9%FDUERQDWHVFRQWHQWDQGS+PHDVXUHGLQXQVDWXUDWHGWUHDWHGVRLO6WHS%ZHUHFRQVLVWHQWZLWKWKRVHPHDVXUHGLQ
VDWXUDWHGVRLODIWHUGD\VWUHDWPHQW6WHS0RUHRYHU9%PHDVXUHGLQ6WHS%LVORZHUWKDQ9%RIQDWXUDO
VRLO7DEOH
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
)LJXUH&RPSDULVRQEHWZHHQ0HWK\OHQHEOXHYDOXH9%DQGS+

7DEOH&RPSDULVRQEHWZHHQ0HWK\OHQHEOXHYDOXHVFDUERQDWHVFRQWHQWDQGS+PHDVXUHGLQVDPSOHVRIVRLOREWDLQHGIURP
SK\VLFDOPRGHOVDIWHUGD\VWUHDWPHQW6WHS%YDOXHVUHIHUULQJWRXQWUHDWHGVRLODUHEHWZHHQEUDFNHWV6WHS
3K\VLFDOPRGHO 0HWK\OHQHEOXHYDOXH>ONJ@ &DUERQDWHVFRQWHQW>@ S+>@
7   
7   

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

)LJXUH&RPSDULVRQEHWZHHQZDWHUFRQWHQWZDQGFDUERQDWHVFRQWHQW&D&2




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7DEOH3DUDPHWHUVPHDVXUHGRQSK\VLFDOPRGHOV
 SK\VLFDOPRGHOLG
VSHFLILFZHLJKW
ȖG>1P@
PHDQVSHFLILF
ZHLJKWȖG>1P@
ZDWHUFRQWHQW
Z>@
PHDQZDWHU
FRQWHQWZ>@
IDLOXUH
SUHVVXUHSI
>3D@
PHDQIDLOXUH
SUHVVXUHSI
>3D@
6WHS$ 17 






17   
17   
17   
17   
17   
17   
6WHS% 7 





 7   

&RQFOXVLRQV

)URPWKHWHVWVSHUIRUPHGRQVPDOOVDPSOHVLWZDVREVHUYHGWKDWORZSRWHQWLDOGLUHFWFXUUHQWV9PDSSOLHG
IRUGD\VWR9LDGDQDVLOWLQGXFHDUHGXFWLRQRIVPHFWLWHDFWLYLW\DUHGXFWLRQDQGVWDELOL]DWLRQRIZDWHUFRQWHQWDQG
DQLQFUHDVHRIIULFWLRQDQJOH0RUHRYHUFDUERQDWHVSUHFLSLWDWHGZKHUHDONDOLQHHQYLURQPHQWZDVLQWURGXFHG)URP
WKH WHVWV SHUIRUPHG RQ SK\VLFDO PRGHOV LW ZDV DOVR REVHUYHG WKDW D  GD\V WUHDWPHQW LQGXFHG D UHGXFWLRQ RI
VPHFWLWHDFWLYLW\DVWDELOL]DWLRQRIZDWHUFRQWHQWDQGDQLQFUHDVHRIPHDQIDLOXUHSUHVVXUHWKHUHIRUHDQLPSURYHPHQW
RIVWDELOLW\,QWKLVNLQGRIWHVWVFDUERQDWHVSUHFLSLWDWHGZKHUHDONDOLQHHQYLURQPHQWZDVLQWURGXFHG,QFRQFOXVLRQ
IURPUHVXOWVRI WKLVSUHOLPLQDU\ UHVHDUFKDQRQVLWHDSSOLFDWLRQRI WKHSURSRVHGPHWKRGRORJ\DSSHDUVIHDVLEOHDQG
FRQYHQLHQWLQWHUPVRIFRVWVDQGGXUDWLRQ
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